Objective: Obstructive ileocolitis, a complication of colorectal cancer, may be secondary to ischemia. We present a retrospective analysis of the long-term clinical characteristics of patients with obstructive ileocolitis caused by colorectal cancer. Methods: A retrospective review of 363 cases of patients with obstructive ileocolitis caused by colorectal cancer. Results: Of 363 patients with obstruction, 56 patients had ischemic ileocolitis. There was a higher percentage of patients who presented with obstructive colitis with left-sided cancers (P ¼ 0.0389). The majority of patients with colorectal cancer and obstructive ileocolitis had a tumor size ,6 cm (P ¼ 0.0524). Four patients had a perforation in the ischemic group as compared with only two patients in the non-ischemic group with a perforation (P ¼ 0.0061). In the ischemic group, there were 50 patients (50/56; 89.3%) who underwent anastomosis without leakage. There were 13 patients with only segmental ischemia for which an anterior resection with anastomosis was performed. There was no statistical difference between the two groups with regards to overall morbidity or survival (P ¼ 0.7915). However, there was a survival difference based on tumor morphology in the ischemic group with ulcerative and polypoid cancer 4.43 times more hazardous compared with annular cancer (95% CI: 1.16 -12.15; P ¼ 0.0038). Conclusions: Obstructive ileocolitis occurs mostly in left-sided obstruction and there are no survival differences between the groups with and without ischemia. In addition, patients who present with colorectal cancer-induced obstructive ileocolitis may be safely treated with satisfactory outcomes.
INTRODUCTION
Despite newer imaging techniques, a large number of patients with colorectal cancer are still not identified until they present with either distant metastases or intestinal obstruction. The incidence of intestinal obstruction varies between 7 and 29% of patients with colorectal cancer (1 -7) . When adjusted for stage, there is a significant difference in survival if the patient presents with obstruction versus non-obstructed patients, suggesting that factors other than tumor stage are associated with prognosis (6) . Tumors of the large bowel that present with obstruction have a poorer prognosis compared with nonobstructed patients with the overall 5-year survival probability ranging only from 0.12 to 0.31 (8) .
The features that determine the poor long-term outcome after potentially curative treatment for obstructing lesions are not clearly understood and appear to be independent of tumor stage and histologic differentiation (9) . Even less is known regarding obstructing tumors that present with colitis or ileitis.
Obstructive colitis (OC) and obstructive ileitis (OI) refer to ischemic or gangrenous colitis or ileitis proximal to an obstructive colorectal lesion. Obstructive ileocolitis is defined as an ulcero-inflammatory lesion proximal to a colonic obstruction from which it is separated by a variable length of normal mucosa (10) . One possible pathogenic mechanism of ileocolitis is that of secondary ischemia caused by hypoperfusion (11, 12) from excessive pressure on the vessels since according to Laplace's law, the tension in the wall of a cylinder is proportional to the diameter and pressure in the lumen (13) .
Histopathologically, OC is similar to ischemic colitis, being characterized by either an erosion or shallow ulcer confined to the mucosa or submucosa. However, many OI ulcers penetrate deeply into the subserosal layer and occasionally perforate, with a potentially fatal outcome (14 -17) .
Additional factors leading to obstructive ileocolitis include pre-existing atheromas, anemia or a previous history of pelvic irradiation (18) . The causes of obstructive ileocolitis include colorectal cancers, incarcerated hernias, postoperative strictures, diverticular disease and Hirschsprung's disease (19) .
Since obstructive ileocolitis is a condition not widely appreciated by pathologists or clinicians, we retrospectively analyzed the long-term results of obstructive ileocolitis caused by colorectal adenocarcinomas. The long-term results of ischemic colitis induced by obstructive colorectal cancer will also be discussed as this is the largest series to analyze obstructive ileocolitis induced by colorectal adenocarcinomas.
PATIENTS AND METHODS
We reviewed the medical records of 1772 patients who were treated for colorectal cancer between 1997 to 2005 whose medical histories were recorded at the Taiwan Cancer Registry, Department of Health, Taiwan. Of these 1772 patients, 363 patients were diagnosed with obstructive ileocolitis. Inclusion and exclusion criteria used are shown in Fig. 1 .
We analyzed the location of the neoplasm which was localized either to the right or left colon. Specifically, the area from the cecum to the splenic flexure was considered a right-sided tumor and distal to the splenic flexure was considered a left-sided tumor. The length of ischemia was measured from tumor margin to ischemia margin. The tumor type was divided into annular, ulcerative or polypoid. The size of the tumor was determined by dividing the largest diameter by 6 cm. The carcinoembryonic antigen (CEA) level was divided by 5 ng/ml. The absolute neutrophil count was divided by 7000 per high-power field. The hemoglobin level was divided by 8 mg/dl. The albumin level was divided by 3 g/dl. The BUN/Cr represents BUN divided by creatinine.
Surgical procedures included right hemicolectomy, left hemicolectomy, anterior resection, segmental resection, subtotal or total colectomy, Hartmann's operation and abdominoperineal resection. The surgical complications, including 30-day mortality, were recorded. The patients also underwent postoperative 5-FU-based chemotherapy if shown to have stage III or IV disease and an acceptable performance status.
Long-term follow-up was performed with a digital examination, and serum CEA level every 3 months for the first 3 years, and every 6 months after 3 years postoperatively. Colonoscopy, chest X-ray and either liver sonography or abdominal CT were performed annually.
Continuous data were presented as the mean + standard deviation, although categorical data were presented as frequency and percentage. Variables were compared by t-test or Fisher's exact test and survival outcomes were analyzed using stepwise Cox regression model to adjust for background differences. Data were compared using SAS 9.0 (SAS Institute Inc., Cary, NC, USA) and a P value ,0.05 was considered statistically significant.
RESULTS
We retrospectively reviewed the records of the 363 patients who presented with obstructive ileocolitis including 225 males and 138 females between the ages of 17 and 97 were selected for analysis (mean age: 66.23 + 12.02 years for males and 64.05 + 14.34 years for females).
The 363 patients were further categorized based on the presence or absence of ischemia. Of the 363 patients, 56 patients had ischemic ileocolitis. There was a higher percentage of patients who presented with obstructive ileocolitis with left-sided cancers (P ¼ 0.0389). The majority of patients with colorectal cancer and OC or ileitis had a tumor size ,6 cm (P ¼ 0.0524). Four patients had a perforation in the ischemic group as compared with only two patients in the non-ischemic group with a perforation (P ¼ 0.0061). The differences between the albumin and BUN/Cr levels between the ischemic and non-ischemic groups were significant (P ¼ 0.0305 and P ¼ 0.0342, respectively; see Table 1 ). In the ischemic group, there were 50 patients (50/ 56; 89.3%) who underwent anastomosis without leakage. There were 13 patients with only segmental ischemia for 
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Tumor related obstructive ileocolitis which an anterior resection with anastomosis was performed. The segments of the proximal colon involved with colitis were located at either the sigmoid colon or descending colon. The mean length of the segmental ischemia was 6 cm in the patients with ischemic ileocolitis. There was no statistical difference between the two groups regarding comorbidities such as hypertension, cardiac disease, cardiovascular accidents, asthma, diabetes mellitus, peptic ulcer, hepatitis and liver cirrhosis ( Table 2) . There were six patients who received a diversion stoma in the nonischemic group. The surgical procedure was selected based on location and severity of the disease (Table 3) . In all our cases, anastomosis was more favorable in those patients with higher BMI (P ¼ 0.049), chronic illness , 3 (P ¼ 0.046), CEA , 100 (P ¼ 0.003), ANC , 7000 (P ¼ 0.003), alb . 3 (P ¼ 0.001), right-sided colon (P , 0.001) (data not shown).
There was no statistical difference between the two groups with regards to surgical complications, including deep and superficial surgical site infections, pneumonia, cardiovascular accidents, intestinal obstruction, bladder dysfunction and 30-day mortality. The overall morbidity was equal between the two groups. The ischemic group had a 28.6% morbidity compared with 28% morbidity in the non-ischemic group. The 30-day mortality was 3.6 and 3.9% in the ischemic and nonischemic groups, respectively ( Table 4 ). The cause of the high mortality was usually uncontrolled sepsis. Patients in this study 
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had obstructive lesions and many had additional underlying diseases. In this study, more than three comorbidities, especially diabetes mellitus, could lead to a higher mortality rate. There was no survival difference between the groups, i.e. the 5-year colorectal cancer-specific survival rate of the ischemic and non-ischemic groups was 50.55 versus 52.32%, respectively (P ¼ 0.7915). However, we did find that there was a survival difference (5-year colorectal cancer-specific survival rate) among the different tumor morphologies in the ischemic group but not in the non-ischemia group after adjusting for albumin level (Table 5 ). Ulcerative and polypoid cancer in the ischemic group had 4.43 times the hazard compared with annular cancer (95% CI: 1.16 -12.15; P ¼ 0.0038).
DISCUSSION
Obstructive colorectal cancer is a challenging surgical problem as some obstructions may lead to obstructive ileocolitis, which often requires emergent care. Inadequate recognition of an inflamed segment may lead to anastomosis leakage. In early reports, up to one-fourth of patients with OC were associated with anastomotic complications (19) .
The most common microscopic findings of OC and OI are necrosis of the mucosa with denudation of epithelial cells, hemorrhage, congestion and prominent neutrophilic infiltration. The length and area of the ulceration vary, especially in OI (15) . In fact, Miyake et al. (20) reported a case of extensive OI, about 150 cm oral to the ileocecal valve. Thus, to ensure subsequent safe anastomosis, it is important to open the resected intestine in the operating room and inspect the mucosal surface of the dilated and thickened bowel to determine if there is any inflammatory change due to obstruction.
The pathogenesis of OI is thought to be similar to that of OC. The diameter and intraluminal pressure of the intestine are likely to be increased proximal to an obstruction, leading to hypoperfusion, mucosal ischemia and mural damage (17, 21) . However, in OI, an additional functional disorder of the ileocecal valve due to tumor involvement may play an important role in precipitating the ileitis. A non-functioning ileocecal valve causes the contents of the large intestine to regurgitate into the ileum, dilating the lumen and leading to ischemia and bacterial proliferation (22, 23) . In addition, functional failure of the ileocecal valve in OI may give rise to deep ulceration, which is rarely observed in OC. It is also possible that the dilated intestinal lumen may cause vasospasm causing 'nonocclusive mesenteric ischemia' (NOMI), especially in the small intestine, with resultant localized transmural infarction and deep ulceration (24) .
In our patient group, there were more patients with colonic obstruction and ischemia involving the left colon as compared with the right. The possible reasons for this phenomenon could be the relatively smaller caliber of the left colon, with a significant amount of formed stool in left colon. In addition, ischemia readily progressed to perforation in the ischemic group. The size of the tumor in the ischemic group was smaller than in the non-ischemic group, and this may be secondary to the general trend that left-sided colorectal cancers become clinically apparent at an earlier stage due to the decreasing fluid content of the stool in the distal colon. Jover reported a cytometric study that revealed an increase in the cell cycle and proliferation index, and marked aneuploidy in cases with advanced neoplastic invasion (25) .
It is interesting that the albumin level was higher in the non-ischemic group. In addition, there were more cases with advanced stages and gradual development of disease in the non-ischemic group. Currently, we cannot explain why there were more cases with advanced stages and gradual development of disease in the non-ischemic group. The level of BUN/Cr was also different between the groups, revealing a relative dehydration in the ischemic group, which may be due to third space accumulation in the inflamed intestines and an acute onset of disease.
Some reports have shown that chronic underlying diseases may be one of the causes of OC (25) . Our data did not show 
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Tumor related obstructive ileocolitis this trend. The definitive cause of obstructive ileocolitis is still unknown, but we propose that an elevated intraluminal pressure may result in terminal mucosal ischemia allowing anaerobic organisms to invade the bowel wall. Laplace's law may explain the relationship between intraluminal pressure and a distended intestine (13) . Thus, the typical finding is an ulcero-inflammatory lesion proximal to a colonic obstruction, from which it is separated by a variable length of normal mucosa. The structure from the distended colonic segment to the obstructive site is shaped like a cone. So the pressure gradually increases with the diameter of distended colon.
There are no reports in the literature regarding survival analysis for obstructive ileocolitis due to colorectal cancer, however, our results show almost equal mortality and morbidity rates, even in patients with OC. It has been reported that colorectal cancer with obstruction carries a poor prognosis (26) . In our study, although there was no survival difference between the two groups, they had different stage distributions, with more advanced stages in the non-ischemic group.
There is a paucity of literature describing the relationship between tumor types and prognosis. In a series of cases reported by Ueyama, patients with obstructing colon carcinomas were not appreciably different with respect to prognosis, histology nor immunohistochemical aspects from those with a non-obstructing carcinoma (27) . Cho reports that the overall and disease-free survival rates were significantly lower in the obstruction group compared with the nonobstruction group. However, the results of the multivariate analysis demonstrated that obstruction itself was not an independent prognostic factor.
Conventional prognostic factors are patient age, serum CEA level and tumor stage (28) . Tumor morphology was also found to be an important prognostic variable (29) . In our study annular morphology carried a more favorable prognosis than other tumor morphology including polypoid and ulcerative type among the patients with colorectal cancerinduced OC.
Until recently, obstructing left-sided colonic lesions were traditionally managed by either a three-stage procedure consisting of diverting colostomy, colonic resection and colostomy closure, or a two-stage procedure consisting of resection with proximal colostomy or Hartmann's procedure followed by later reconstruction (30 -33) . However, new surgical techniques now allow for colonic resection and reconstruction in a single-stage consisting of resection and primary anastomosis, eliminating the need for a temporary stoma (34) .
Acute obstruction of the right colon is usually managed by primary anastomosis following resection. Many surgeons are reluctant to offer a one-stage procedure for left colonic obstruction because of the higher incidence of postoperative septic complications. More and more reports reveal that onestage procedures for obstructive colon cancer are safe in selected cases (35) . In our series, nearly half of patients in the ischemic group underwent subtotal or total colectomy because of an inflamed colon segment. The complication rate was almost the same between the two groups.
In recent reports, the self-expanding metallic stent can be used as a bridge to emergency resection for obstructing colorectal cancer by placement of endoluminal prostheses to relieve the colonic obstruction (30) and for the palliative treatment of patients with disseminated illness or an unacceptable surgical risk (36 -40) . Stenting appears to be a safe, effective addition to the armamentarium of treatment options for colorectal obstructions (41 -43) . However, in colorectal-induced OC, Katsanos et al. (44) reports that the use of metallic stents are associated with several adverse events including perforation, pain, re-obstruction, stent migration and even mortality.
In our study, favorable prognostic indicators for anastomosis included higher BMI, chronic illness , 3, CEA , 100, ANC , 7000, alb . 3, right-sided colon. But the results were from a retrospective analysis and, therefore, there could have been doctor selection bias.
In conclusion, this review has shown that OC occurs primarily in left-sided obstruction and there are no survival differences between the groups with and without ischemia. In addition, patients who present with colorectal cancerinduced OC may be safely treated with satisfactory outcomes, as with other obstructing colorectal cancer.
